ABSTRACT: Anti-inflammatory agents have been reported to regulate bone healing. The aim of this study was to investigate the effect of a selective cyclooxygenase-2 inhibitor (meloxicam) on bone healing in calvarial defects in rats. Thirty-six adult male Wistar rats were included. After anesthesia, a linear incision was made through the skin of the scalp, a full-thickness flap was reflected and a 4 mm round defect was made with a trephine drill. The animals were randomly assigned to one of the following 4 treatment groups (9 animals each), including daily subcutaneous injections: A: saline solution for 15 days; B: saline solution for 45 days; C: 3 mg/kg of meloxicam for 15 days and D: 3 mg/kg of meloxicam for 45 days. The animals were sacrificed and the specimens, routinely processed. The bone filling was histometrically measured and statistical analysis, performed. Intergroup comparisons demonstrated that the meloxicam groups presented a significant reduction in bone healing when compared to their respective controls (group A, 44.5 ± 5.75%, against group C, 57.5 ± 7.25%, p < 0.05; group B, 40.25 ± 13.75%, against group D, 52.25 ± 17.25%). Within the limits of the present study, it can be concluded that selective cyclooxygenase-2 inhibitors may reduce bone healing in calvarial defects in rats after continuous administration. DESCRIPTORS: Anti-inflammatory agents, non-steroidal; Cyclooxygenase inhibitors; Wound healing; Rats.
INTRODUCTION
The effect of anti-inflammatory drugs on bone healing has been evaluated in several studies 1, 3, 11 . Non-steroidal anti-inflammatory drugs (NSAIDS) interfere with aracdonic acid metabolism by blocking prostaglandin synthesis through cyclooxygenase pathway inhibition, which has a fundamental role in bone healing 22, 24 . Selective COX-2 inhibitors have emerged with the objective of reducing stomach and renal toxicity. Additionally, they can also promote effects on bone healing inhibiting prostaglandins 23 . It has been shown that the COX-2 enzyme participates in early phases of osteogenesis and that it is more related to osteoblast maturation in later stages 20 . COX-2 inhibitors reduce the osteoblastogenesis process and alter genes activities responsible for osteoblastic differentiation 19, 23 . In order to clarify the role of NSAIDS on bone healing after surgical procedures, the purpose of the present study was to evaluate the influence of meloxicam, a selective COX-2 inhibitor, on bone healing in calvarial defects in rats.
MATERIALS AND METHODS

Animals
Thirty-six male Wistar rats (250-350 g) were included in the study. The animals were kept in plastic cages with access to food and water ad libitum. Prior to surgical creation of the defects, all animals were allowed to acclimatize to the laboratory environment for a period of 7 days. The protocol was approved by the State University of Campinas Institutional Animal Care and Use Committee.
Experimental design
General anesthesia was obtained by intramuscular administration of ketamine (0.5 ml/kg) (Dopalen  , Agribrands Brasil Ltda., Paulínia, SP, Brazil). After cranial dorsal tricotomiae, the surgical site was scrubbed with iodine (Geyer Medicamentos S.A., Porto Alegre, RS, Brazil) and a 15 mm mid-sagittal linear incision was made through the skin of the scalp. A full-thickness flap, including periosteum, was then reflected, exposing the calvarial bone. After dissection and bone exposure, a standardized, circular defect with 4 mm in diameter was made in one side of the parietal bone with the use of a trephine drill (3i  Implants Innovations do Brasil Ltda., São Paulo, SP, Brazil) and abundant irrigation with sterile saline solution (Fresenius Kabi Brasil Ltda., Campinas, SP, Brazil), exposing the dura mater membrane. The soft tissues and periosteum were then repositioned for total coverage and sutured with 4.0 mono-nylon suture (Shalon  , B.A. da B. Vista, S.L.M. Belos, GO, Brazil). The animals were then randomly assigned to one of 4 groups (9 animals/group) that were subjected to daily subcutaneous injections. Groups A and B received continuous administration of 1 ml/kg of saline solution for 15 Media Cybernetics, Silver Spring, MD, USA), linear measurements of the healing remaining defect were calculated from one side to the other side of the bone by the same examiner. A blind examiner was trained and calibrated in performing the measurements.
Measurements of the twenty sections were averaged to allow intra-and intergroup analysis related to time. Comparisons between groups were made by Bifactorial Variance Analysis with a significance level of 5%.
RESULTS
Histologic analysis
Two weeks postsurgically, the presence of a thin connective tissue membrane was observed over the defect sites in both control and treated samples. The connective tissue layer of test animals presented an advanced process of angiogenesis, and a decreased number of hemorrhagic and inflammatory sites, when compared to the samples of the control animals. However, new bone formation, originated from the margins and/or as bone isles throughout the defect, was greater in the control groups than in the test groups (p < 0.05). In addition, cubical or cylindrical osteoblasts were observed in the control groups ( Figure 1 ) while in the test group, osteoblasts were squamous (surface or bone lining cells) (Figure 2 ).
Forty five days postsurgically, both groups exhibited an enhancement in bone formation. The connective tissue layer appeared mature, characterized by large and organized collagen (type I) fibers and by the reduction of hemorrhagic and inflammatory cell infiltration throughout the defect. Defect margins tended to be connected by newly formed bone in the control groups, whereas the test groups presented a pattern similar to that of the 15 days observations, marked by squamous osteoblasts originating small amounts of osteoid matrix and reduced bone formation.
Histomorphometric analysis
Data from linear measurements of remaining osseous defect were subtracted from the original defect (4 mm) and mean percentages and standard deviations were also subtracted from the original size defect (Table 1) 
(Figura 3).
Statistically significant differences (p < 0.05) were observed between group A and C and between B and D. However, no significant difference was observed between experimental periods (A to B and C to D).
DISCUSSION
The present study demonstrates, histologically, that COX-2 inhibitors may significantly decrease the bone healing in calvarial defects in rats. This is in accordance with other studies that have suggested that NSAIDS also inhibit bone repair and bone formation 12, 21 . This fact could be explained by prostaglandin synthesis inhibition, due to the blockade of cyclooxygenase, which has an important role in osteogenesis and bone healing, such as endochondral and intramembranous ossification 21, 23 . Sato et al. 20 (1997) showed that COX-2 and COX-1 have a fundamental role in early phases of osteogenesis. In addition, COX-2, in later stages, is more related to osteoblast maturation. Zhang et al. 23 (2002) demonstrated that COX-2 regulates genes, such as cbfa1 and osterix, which are required for osteoblast differentiation and bone formation. In this process, COX-1 does not have a critical role. Decreases in the expression of these genes may contribute to incomplete bone repair 19 , as observed in the present study. Therefore, since COX-2 regulates genes activities in osteoblastic differentiation, a reduction in the osteoblastogenesis process could be the main hypothesis to explain the remaining bone defects in the test groups observed in the present study. Additionally, studies have shown that prostaglandins may increase fracture repair rates in experimental models, improving bone healing 14 and also stimulating bone formation 22, 24 . Zhang et al. 23 (2002) has suggested that prostaglandins also participate in osteoblast recruitment and differentiation, and induce cbfa-1 and osterix gene expression.
Previous studies have shown that COX-2 specific inhibitors may not have any effect on fracture healing in animal models 5 and do not inhibit bone fusion following spinal arthrodesis 16 . On the other hand, studies also demonstrate that COX-2 inhibitors can present radiographic, histological, morphological, and biomechanical evidence of delayed fracture healing at four weeks 12, 21 , even when administered before injury 11, 21 . As observed in the present study, the amount of bridging bone formation is reduced in the test groups (p < 0.05), as compared to the control group, at 2 weeks. Although intragroup analysis did not show any significant difference in bone healing, a numerical difference could be observed favoring the latter control group.
In this study, the animals were treated for 15 or 45 days. Although studies have suggested that bone healing is increased during the first 15 days 7, 8 , the present study investigated if a longer period (45 days) of bone repair could reduce the remaining calvarial defect more than 15 days, even in the control group.
The apparent stabilization of the healing process observed in the present study at 45 days postoperatively could be the result of using a critical size defect. The regenerative capacity of the bone tissue can be limited by the size of the defect, where large bone defects cannot regenerate spontaneously 6 . The critical size defect depends on animal species, age, size and place 4 . In calvaria of rats, this size can vary from 2 mm 18 to 8 mm 15 . In the present study, a defect of 4 mm was not able to regenerate spontaneously, as shown in the latter control group.
Probably, the apparent high quantity of prostaglandins encountered in the early phase of healing, as observed in previous studies 7, 23 , might justify the results of the present study, where differences in defect closure were not noticed between 15 and 45 days. This observation suggests that the high peak of osteogenesis activity may occur during the first 15 days. Dekel et al. 7 (1981) showed that high prostaglandin levels (PGE and PGF) were increased between the 3 rd and 14 th days of repair in fractures of rat tibiae. According to the same authors, the mRNA expression of COX-2 was also higher during the first 14 days, demonstrating the role of COX and its metabolites during the early phases of healing. Gerstenfeld et al. 9 (2003) also showed that COX-1 mRNA levels were constant during the first 21 days, while COX-2 mRNA levels presented peaks of elevation during the first 14 days of healing, and returned to basal levels after 21 days. These findings indicate that in the first two weeks of bone repair, the osteogenic activity is more intense because of the high rate of COX-2 transcription and, consequently, high levels of prostaglandins found in this period, since these metabolites stimulate bone formation 22, 24 . These findings are in accordance with those of the present study, where increased bone healing was observed at 15 days compared to 45 days in non-treated groups, even without significant differences (p > 0.05).
The histological analysis showed that, during the early phases, the control group presented cuboidal and cylindrical osteoblasts, characterizing a high activity of osteoid production (non calcified matrix). These findings could not be found in treated groups, where most of the osteoblasts were squamous, which demonstrates lower synthesis of osseous matrix. According to Marks et al. 17 (1996) , actively secreting mature osteoblasts are, histologically, cuboidal or tall cells. When they start to secrete bone, the secretion is polarized towards the bone surface. This could be explained by the role of both COX-1 and COX-2 enzymes during the early phases of osteogenesis 20 . In addition, COX-2, selectively inhibited by meloxicam, may also be associated with osteoblast maturation in later stages, which explains the morphological distinction and, consequently, the difference in activity observed in the osteoblasts on new bone surface (bone lining cells), when compared to the control group. This histological evidence, associated with the lack of hemorrhagic features, few inflammatory cells and normal tissue vascularization, characterize advanced bone and tissue healing processes 2 . Ho et al. 13 (1995) demonstrated that NSAIDS effects are dose-dependent and that, after withdrawal, their effects may be reverted 1 . Apparently, the use of NSAIDS seems to delay the healing process and their use should be avoided immediately postoperatively or should only be used during a short-term administration 8 , because early events in bone formation may be modulated by arachidonic acid metabolites 25 . However, further analy-ses in animal models and humans are required to clarify the mechanisms of the effect of nonsteroidal anti-inflammatory drugs such as COX-2 inhibitors, as well as the role of prostaglandins and cyclooxygenases in bone healing. As clinical studies are limited, as are retrospectives 3, 10 , additional information about dosage and time of administration also need investigation in the future due to concerns emerging in the literature.
CONCLUSION
Within the limits of the present study, it can be concluded that meloxicam, a selective cyclooxygenase-2 inhibitor, may reduce bone healing in calvarial defects in rats after continuous administration.
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